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Abstract 

 

Safety analysis method using the theory of tolerance in designing engineering constructions is suggested. For the distribution curves 

х,у,…, the normal distribution law is accepted. The method allows to reveal some strength reserves and provides equal safety 

characterized by the factor  . 

Different factors that allow to consider the random character of loads operating on the construction should be taken into account for 

analysis of constructions. Accuracy of strength analysis and deformability of constructions is resolving for revision of safety factor 

quantities. 
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Yapıların Güven Analizi 

 

 

Özet 

 

Yapı tasarımı mühendisliğinde kullanılan tolerans teorisinde güven analizi yapılması önerilmektedir. Metot, bazı güç kaynaklarını 

ortaya çıkarır ve γ faktörü ile karakterize edilen eşdeğer güvenliği sağlar. X, Y gibi dağılım eğrileri için normal dağılım kuralını 

kabul eder. 

Yapı üzerinde yükleme işlemini rastgele karakterize etmeye müsaade eden farklı faktörler yapı analizinde dikkate alınmalıdır. Güç 

analizinin doğruluğu ve yapıların şekil değiştirilebilirliği güvenlik faktörü niceliğinin gözden geçirilebilmesini gerektirir. 
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1. Introduction          

Different factors by means of which the random character of loads acting on the construction and 

properties of the construction’s material is grounded, should be taken into account while designing 

constructions. The accuracy matters of strength and deformability analysis of constructions are decisive 

for revising safety factor quantities (load and homogeneity factors). 

The factors that influence of the accuracy of analysis are related with imperfections of 

technological processes of making constructions and materials for them that reduces to variability of their 

properties. This reduces to load increase compared with their design value. Improvement of technological 

processes of making and erection of constructions, standardization, right operation may essentially 

diminish inclination of design quantities and enable to lower the safety factors and reduce to saving in 

material. 

Design methods proceeding from the way on admissible stresses don’t enable to take into 

account operational and technological factors. Therewith, normalization of admissible stresses and design 

loads reduces to discrepancy between the accuracy of accomplished calculations and approximate 

assignment of safety factors without sufficient reasons [1-5]. 

The more perfect method using the limit state analysis also doesn’t solve this problem 

completely since the significant load-carrying reserves are not used as a result of superfluous careful 

introduction of homogeneity and overload factors in their very unfavorable combination that in reality 

never may arise [6-9]. 

Probability of passing the adopted corrections the bounds determined on the base of design 

experience and operation practice to the factors found in the statistical way show that in the presence of 

only one design quantity deviating from the mean value is very small (~1/700, in the presence of three 

standard admissible deviations and normal distribution law).  

 

2.  Basic material  

2.1.  Basic dependence 

Safety analysis method based on the use of variation statistics [10-14], actually proceeds from 

the theory of tolerance in designing of engineering constructions taking into account tolerance both 

geometric sizes and in strength properties of materials and in quantities of loads. As a result, it is defined 

a safety factor on which the loads reducing to limit state should be decreased in order to provide safety of 

the latter’s operation.  

The construction’s undestruction condition may be written as follows: 

                            0...),( qryxR                             (1) 

where х,у…   are design quantities that have some distribution curves; r is construction’s strength 

measured in some units (for instance, by the material’s strength limit in MPa). q is load on the 

construction measured in the units of the same measurement (MPA) in the dangerous section caused by 

the external forces. The distribution curve R  is determined by the distribution curves х, у,…, therewith 

the area of the distribution curve R  in the range R<0 should be equal to the preassigned very small 

quantity. 
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For simplifying the calculation process, the distribution curves  х,у,… are approximately accepted as 

normal distribution curves, the function R(х,у,…) expands in series of powers х,у,… in the domain of 

their mean values and only linear terms remain in this series. In this case, the distribution curve R is 

obtained also in a normal form and its center 
R

m  is determined by the formula: 

                                  ,...),(
yxR

mmRm  ,                                                 (2) 

where ,...,
yx

mm  is a centre of the distribution х, у,… and the standard 
R

S  is determined by the 

formula: 

......),(,...),(
222












yxyyxxR
mm

y

R
Smm

x

R
SS                         (3) 

moreover, ,...,
yx

mymX   

The more accuracy, the less variability ,...,

y

y

x

x

m

S

m

S
 of initial design quantities.  

For applying this method to establish safe sizes of the construction, a formula that at some extent 

exactly reflects the structure’s real work should be given. By this formula, the value of the breaking load 

or the desired size is calculated without any safety, i.e. ignoring the overload factors and homogeneity of 

the material, having taken mean design quantities. Then, using formula (3), by the standards of initial 

quantities, we find the standard of the desired quantity that is multiplied by the safety characteristics   

(the number of standards defining probability of passage through the limit state of the construction) and is 

added to the quantity found previously.Degree of approximation of such an approach is that the 

distribution curve of the calculated size is assumed to be a normal curve. Consider a numerical example 

in order to understand the gist of the suggested method. 

 

2.2.  Example 1 

The section of the symmetric reinforcement of ferroconcrete column under eccentric 

compression should be taken for the following data: 

 

Concrete В 15 (15 МРa); 

Homogeneity factor  85,0)(
0


b

RK  standard 
2

/5,7
3

85,01
150)( смкgRS

b



 , here 

3  is the number of standards. The yield point of the reinforcement MPaR
n

a
210  

Modulus of elasticity MPaE
a

5
101,2   

Homogeneity factor 9,0)(
0




sn
RK  

Standard  
2

/70
3

9,01
2100)( cmkgRS

sn






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Acting loads: 

Permanent load (density) 

kNN 450
1
 ;          kNmM 40

2
  

Overload factor 1,1
f

 . Standard kNNS 15
3

11,1
450)(

1



 . Temporary load (snow) 

kNN 80
2
 ;      kNmM 15

2
      Overload factor  4,1

f
  

Standard kNNS 6,10
3

14,1
80)(

2



  

Wind:    0
3
N ;      kNmM 60

3
      Overload factor 4,1

f
  

Standard   kNMS 8
3

14,1
60)(

3



  

The factor of bending moment increase taking into account increased flexibility of the column is accepted 

equal to 1,24 [15] i.e. exaggerated. Geometric parameters:   45h  cm; b=40 cm;   5,41
o

h cm;   

38 ah
o

cm. 

Eccentricities with respect to the less compressed reinforcement equal: 

02,305,35,2224,1
450

10040

1



e  cm 

75,375,35,2224,1
80

10015

2



e  cm 

Total bending moment: 

kNmM 6,23924,1603775,0803002,0450   

The same normal force: 

kNN 53080450   

 

Determine limiting value of the compressed reinforcement area by the formula  









 



 )

2
1(

)(

1

1

bo

i

ioii

osn

a

Rbh

N
NhMN

ahR
A                       (4) 

 

Substituting the values of the parameters into this expression, we calculate: 

38,5)
155,41402

10530
1(

210

10530

38

5,41

38210

1063,239
3















a
A  cm

2
              (5) 

 

We calculated the area of the reinforcement 38,5
a

A  cm
2 

ignoring the overload and homogeneity 

factors. 

For determining the standard of the area 
a

A  from formula (4) we have: 
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Substituting the numerical values into the expressions (5-8), we calculate: 

4

1

10125,0)
1540

10530
5,4130(

1038210

1 














N

A
a

 

4

2

10845,0)
1540

10530
5,4175,37(

38210

1 














N

A
a

 

4
10155,0

1038210

24,1 









M

A
a

 

2
10256,0

10210

38,5 









sn

a

R

A
 

 

 

We also define: 

0195,0
150

1

1021038402

)10530(

2

22











b

a

R

A
 

Using formula (3), calculate: 

596,10195,05,7)10256,0()70(

)10155,0()108()10845,0(1067)10125,0()10015()(

22222

24242422422









a
AS

 

597,1)( 
a

AS  = 26,1  cm
2 

 

Necessary amount of the reinforcement for 3 : 

16,928,1328,5 
a

A cm
2
 

Analysis by building code and rules (allowing for overload and homogeneity factor): 

04,12
85,015402

10)4,1801,1450(
1(

9,0210

)4,1801,1450(

38

5,41

9,038210

4,11063,239
3

















a
A  cm

2 

      The saving is %92,23%100
04,12

16,904,12



. 
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2.3.  Example 2  

It is required to choose the section of the reinforcement for T-shaped crain reinforced- concrete 

beam. 

Given: height of the crain beam 70h  cm. 

kNmM 301  ;  1,1
1


f

 ;   kNmM 240
2
 ;  3,1

2


f

  

692/ 
fo

th  сm;     
f

t  is thickness of the flange of the beam. 

Characteristics of the materials are taken as in example 1: 

Standards:  70)( 
sn

RS kg/cm
2
 (see example 1) 

kNmMS 1
3

11,1
30)(

1



  

kNmMS 24
3

13,1
240)(

2



  

Design formula: 

)2/(
fosn

i

a

thR

M
A




  

Limiting value of 
a

A  equals: 

6,18
69210

10)24030(
3







a
A cm

2
 

6

21

101449,0
6910210

1

)2/(

1 

















fosn

aa

thRM

A

M

A
 

2

2
10885,0

2100

6,18

)5,0(

1 











sn

a

fosnsn

a

R

A

th

M

RR

A
 

3849,0)10885,0(70)101449,0()1024()101449,0()101()(
222262426242




a
AS

62,0)( 
a

AS cm
2
 

Necessary amount of the reinforcement for 3 : 

46,2062,036,18 
a

A  cm
2
 

The amount of the reinforcement calculated according to building codes: 

45,26
699,0210

10)3,12401,130(

)2/(

3

21
21












fosc

ff

a

thR

MM
A


 cm

2
 

The saving is:   

%62,22%100
45,26

46,2045,26



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3.  Conclusions 

As is seen, the given calculation way allows to reveal some strength reserves and provides equal 

safety characterized by the definite number  . The accuracy of the way under asymmetric distribution 

curves and great variability of design quantities are comparatively small but virtually, it may be 

considered acceptable. The accuracy increases while passing to more homogeneous materials and stable 

loads 
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